In this paper, a new hybrid absorption system is posed which is composed of a layer absorbent material and a movable rigid wall. The speed of the movable rigid wall is adjusted in order to make the acoustic impedance of the absorption material match the acoustic impedance of the air, so that the absorption coefficient is maximal. Finally, a numerical calculation and an experiment are carried out, both numerical and experimental results of such a system are presented for a normally incident plane wave. The numerical and experimental results indicate that the absorption effect is effecting at middle and low frequencies and imperfect in high frequencies where passive absorption is dominant.
INTRODUCTION
The absorption of low frequency sound is difficult with conventional, passive methods, that is to say, passive noise control methods that employ the use of sound absorbing materials are practical and most effective at mid to high frequencies. On the other hand, active noise control techniques are most efficient at low frequencies. 1, 2, 3 The complementary strengths and weaknesses of passive and active noise control methods have motivated many researchers to develop a system that integrates both methods. One of the first published works on a noise absorption system that comprises both passive and active methods is that of Guicking and Lorenz 2 and then Thenail et al. 3 posed another noise absorption system comprising both passive and active methods which included a fiberglass absorbing layer backed by an air cavity terminated with an active surface. [2] [3] [4] [5] In both the control system posed by Guicking and Lorenz 2 and Thenail, 3 the passive component was comprised of a porous material located in an impedance tube a small distance from the open end of the tube which terminated by a loudspeaker, the signal from a microphone in front of the porous plate was sent to the control loudspeaker after it was passed through a suitable amplification scheme, a second microphone controlled the complex amplification factor such that the second pressure at the location was minimized so as to produce a pressure-release condition just behind the plate. [4] [5] [6] [7] [8] Based on the published literature about the active absorption and hybrid absorption, in this paper, a new hybrid absorption system is posed in which an absorption material and a mobile rigid wall backed the absorption material are located in an impedance tube, the reflected sound wave is measured by two pieces of PVDF film as the transducer placed in front of the absorption material, according to the reflected sound wave, the mobile rigid wall is moved with controlled speed in controlled time so as to change the acoustic impedance of the absorption material matched with the acoustic impedance of the air, so that the absorption coefficient is maximal. Finally, a numerical calculation and an experiment are carried out, the numerical and the experimental results indicate that the absorption effect is effective at mid and low frequencies and imperfect at high frequencies where passive absorption is dominant. 
Figure 1
The arrangement of the hybrid absorption system.
PRINCIPLE OF THE HYBRID ABSORPTION SYSTEM
Based on the hypothesis that the far-field wave is a homogeneous plane wave, the arrangement of two pieces of PVDF film and the absorption material and the mobile rigid wall is shown in Fig. 1 . In Fig. 1 , the incident sound pressure is p i (t), two pieces of PVDF film and the absorption material are arranged with the same distance d shown as Fig. 1 , the thickness of the absorption materials is l 1 , the depth of the air cavity is l 2 ', the coordinate origin is located in the place where the back of the absorption material contacts the air cavity, the positions 1, 2 and 3 are shown in Fig. 1 . The sound pressure and the particle velocity are given by,
where A n , B n (n = 1,2,3) are the amplitudes of the incident and reflected waves respectively, ρc is the characteristic impedance of the absorption material, ρ 0 c 0 is the acoustic impedance of the air, ω is the angular frequency, k is the wave number in the air, k' is the propagation constant in the absorption material. At the time t = 0, the position of the rigid wall is x = l 2 , the speed of the rigid wall is v which is positive when the direction is to the right, then at the time t, the position of the rigid wall l 2 ' is, According to the formulae (1) (2), the following formula is derived, 8
According to the Fig. 1 , the acoustic impedance Z of the absorption material in each postion is,
At x = 0, the acoustic impedance Z 2 of the air cavity is,
The acoustic impedance Z 1 (x = −l 1 ) of the absorption material is,
According to the formulae (5) (6) (7), the following formula is obtained.
The formulae (1) (2) can lead to the following formulae, Integrating the formulae (1) (2) and (9)-(13), the acoustic impedance Z 2 of the air cavity in the place x = 0 can be derived, 
Obviously, according to the formula (8) (15) (16), when the controlling time is prescribed, the mobile speed of the rigid wall is designed to make the acoustic
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PRINCIPLE OF MEASURING THE REFLECTED WAVE BY PVDF
The incident and reflected wave can be expressed by the following formula for the far-field wave (hypothesed as a homogeneous plane wave)
where k is the wave number, ω is the angular frequency. When a force p is applied to the PVDF transducer, a voltage V is generated. The relation between the force and the voltage is, 9 (19) where e 33 is the coupling constant of the PVDF, Z 0 is the acoustic impedance of the air, Z p is the characteristic impedance of the PVDF, t p is the thickness of the PVDF. The voltage signals in PVDF 1 and PVDF 2 are,
where τ is the propagation time between the two pieces of PVDF, τ = d c , c is the propagation speed in the air. If V 1 (t) is delayed with τ, then,
Here V 3 (t) is defined as,
With the same method, V 2 (t) is delayed by τ, the following formula can be attained:
Eq. (24) and Eq. (26) give: 
(30) p r (0,t) is the reflected sound pressure at PVDF 1 according to equation (29), so the reflected sound pressure on the surface of the absorption material can be calculated as,
According to the formula (31), the amplitude of the reflected sound wave B 1 in Eq. (16) is calculated.
The principle of measuring the incident and reflected sound wave with two pieces of PVDF is shown in Fig. 2. 
CONTROLLING PRINCIPLE
An error signal can be synthesized from the signals of two pieces of the PVDF located in front of the absorption material. The error signal should have the property that after being minimized by the action of the controller, the acoustic impedance in front of the absorption material matches the desired specification. As the specification is very likely to be made in the frequency domain, a later transformation to the time domain will be required. Using z transforms, the error signal can be defined as,
where V 1 (z) and V 2 (z) are the z transforms of the voltage signals of the PVDF and H 12 (z) is the desired transfer function between them.
The desired transfer function between the outputs and the two pieces of PVDF H 12 (z) can be related to the desired acoustic impedance at the center of the two pieces of PVDF. For sound consisting only of plane waves, the transfer function is, The principle of measuring the incident and reflected sound wave.
where Z A (jω) is the desired acoustic impedance. In the particular case when the desired acoustic impedance is Z A ( jω) = ρ 0 c 0 , corresponding to a perfectly absorption, equation (33) simplifies to a time delay,
This can be readily transformed to a digital transfer function if the sampling period is chosen as an integral fraction N of the acoustic time delay, T s = τ N , in this case the digital transfer function reduces simply to a delay of N samples,
Replacing (35) into (32) gives;
The controlling principle is shown in the Fig. 3 .
The matrix
is the transmission function between the loudspeaker and the absorption material, H(z) is the transfer function of the controlling filter.
NUMERICAL AND EXPERIMENTAL RESULTS
The experimental arrangement is shown in Fig. 4 . A B & K tube is used for this experiment whose diameter is 10 cm and length is 3 m. The primary source is the loudspeaker which located at the end of the tube, the distance between the two pieces of PVDF of 2 cm diameter and 0.2 cm thickness is 5 cm and the distance between the PVDF 2 and the absorption material is 5.0 cm. The density of the air is ρ 0 = 1.21 kg/m 3 , the propagation velocity in the air is c 0 = 343 m.s −1 , the thickness and the density of the absorption material are l 1 = 20 mm and ρ = 1250 kg.m −3 respectively. The propagation speed propagated in the absorption material is c = 2800 m.s −1 , the frequency of the incident sound wave is 100 Hz~2000 Hz.
The system investigated is comprised of a 5-cm partially reticulated polyurethane foam layer and an airspace depth of 0-cm (no airspace), the amplitude of the incident sound wave is 1.0 V (the voltage supplied on the loudspeaker), the absorption The controlling system coefficient of the passive system and the hybrid system as a function of the frequency are shown in Fig. 5 . The result shown in Fig. 5 is the same as that of Beyene and Bardisso by and large. 8 As the Fig. 5 shows, the minimization of the reflected wave in the airspace successfully resulted in a high absorption coefficient over the whole frequency range of interest. Although the absorption peaks at 1350 and 2000 Hz achieved by the passive system were slightly reduced with the introduction of the active component, overall, a consistent high absorption coefficient of 0.87-1.0 was achieved throughout the frequency range of interest. Moreover, the best performance of this hybrid system occurs at frequencies below the first peak of the passive system, i.e., f < 450 Hz, where improvement is most desirable.
The experimental results for both before and after control cases are also presented in Fig The experimental arrangement. 
Figure 5
The numerical and experimental absorption coefficient before and after control.
than the numerical result. The maximum deviation between the experimental and numerical results is an absorption coefficient difference of 0.1. This deviation occurs at the lower frequencies due to a phase mismatch between the two particular pieces of PVDF used. In spite of this problem, the absorption coefficient at 100 Hz is increased from 0.28 to 0.91. Overall, a good agreement between the numerical and the experimental results is observed which validates the proposed approach.
CONCLUSION
In this paper, a new hybrid absorption system is posed which is composed of a layer absorbent material and a movable rigid wall. The speed of the movable rigid wall is adjusted in order to make the acoustic impedance of the absorption material match the acoustic impedance of the air, so that the absorption coefficient is maximised. Lastly, a numerical calculation and an experiment are carried out, both numerical and experimental results of such a system are presented for a normally incident plane wave. The numerical and experimental results indicate that the absorption effect is effective at middle and low frequencies and imperfect in high frequencies where passive absorption is dominant.
